Energy efficiency does not concern only building structures, and electrical and thermal systems, but also the management of the building as a whole. From the point of view of Universities, lectures timetabling is one of the most important issues in building management. However, until to now, the variables considered in the schedule of the lectures do not include energy consumption or, in general, sustainability indices. Nevertheless, the use of a lecture room requires the use of both electrical and thermal energy, differing in the energy requirement according to timing, season and geographical exposure. In this paper, the Potential Energy Benchmark (PEB) of lecture rooms is defined so as to assign priority, in the timetabling, to the most energy-efficient lecture rooms. The PEB measures the potential thermal energy required for warming up or cooling the room, as well as the potential electrical energy for lighting, in different time slots throughout the day. The PEB shifts depend on the structural constraints of the lecture room considered, such as its radiation and exposure to natural light. The final goal is to solve the lecture timetabling problem, minimizing energy consumption, and consequently the carbon footprint of the University in the view of teaching activities. Once the optimal energy planning has been identified, a comparison with the traditional planning will be proposed, so as to quantify the energy and CO2 savings reached.
INTRODUCTION
Legislative actions propose investments to increase the efficiency of energy utilization in buildings, industry, economy and agriculture. The Public Administration (PA) in Italy is invited to increase the energy efficiency of its buildings at least of 3 % per year, according to the legislative decree 102/14 [1] . The structure insulation and the heating system renewal are usually the first actions undertaken to increase energy efficiency in building. These types of improvements require great investments and their pay back time is often in the 5-10 years range, or more. Too long time. The best energy reduction is the energy not used, as stated many times. Thus, optimization of the building management could be a good interpretation, avoiding the use of energy for lighting, heating and cooling.
The primary business of Universities is to supply lectures for students. The lecture timetable problem, because of its complexity, has been studied by many researchers. The problem is classified as a NP-complete one and it is solved using optimization algorithms, as well as genetic algorithms, tabu-search, graph methods and others. The objective function of the problem is to optimize the scheduling of the lecture rooms. The hard constraints must be fulfilled and the soft constraints should be satisfied, but with elasticity. The hard constraints regard the lecture room capacity, the overlapping between lectures of the same course and the overlapping of the lectures of the same professor. The soft constraints concern the timetabling preference of professors, the allowed lunchtime and others constraints customized by each University.
The timetabling problem does not concern energy implications in the assignment of the lecture rooms, i.e. energy use is not optimized in the timetable scheduling. The focus of this paper is on the creation of an indicator useful for comparing the energy used by different lecture rooms. The Potential Energy Benchmark (PEB) allows to rank lecture rooms belonging to the same size, as a function of a lower use of energy, maintaining a high comfort level. Each lecture room has different "energy features", depending on the buildings structure, solar exposure, solar radiance and free intake from the external environment. The solar radiation changes during the day and among the seasons, and the free solar intake changes, too. Therefore, the Potential Energy Benchmark has been calculated for each lecture room, season and daily timeslot.
The timetable optimization has been modified to minimize energy consumption of lecture supply. The hard constraints have been preserved, while the soft constraints have been relaxed. The PEB has been included within the hard constraint set, and it has been used to choose the lecture room requiring less energy for the lecture service.
The remainder of the paper is organized as follows. The timetable problem, considering the energy efficiency of university buildings, is presented in Section 2. Successively, the variables influencing the indicator are shown and the Potential Energy Benchmark is introduced and calculated (Section 3). The energy used for the current timetable is assessed for the case of the University of Brescia (Section 4). Finally, Section 5 discusses a new timetable proposal, which considers an improved use of energy, and conclusion are drawn in Section 6.
BACKGROUND
Lecture timetabling usually considers the optimization of lecture assignment to the lecture rooms. The satisfaction of professors and students is of primary importance. Different algorithms have been used to solve the problem. Some algorithms reduce the operational time, others optimize the constraints meeting. Each algorithm finds the best solution in scheduling.
However, an amount of energy is necessary to allow the teaching activity, i.e. when a lecture room is operating. Each lecture room requires a given quantity of energy, according to the features of the lecture room itself. The elements that influence the energy requirement are the electrical and thermal devices of the lecture room, its size, its ceiling and floor, the level of occupation during the lecture, the structure of the walls, the presence of windows and the orientation. To date, some researchers have introduced classification elements in the room assignment problem. Zheng Yang et al. [2] introduced the consumption of HVAC system (i.e. heating ventilation and air conditioning) in the assignment room problem. At first, they revisited the occupancy profile of the HVAC system in a realistic way. Then, they reassign occupants' room to improve energy efficiency. According to Mehreen S. Gul [3] , the occupancy patterns have to be designed as similar as possible to reality, so as to optimize management and design control strategies for reducing energy consumption. Pan et al. [4] , and Masoso and Globle [5] highlighted the importance of occupant behaviour on energy use in buildings.
Majumdar et al. [6] introduced the building parameters in the analysis of lecture rooms assignment, such as construction year, orientation, window areas, energy equipment and lighting system. They used a simulation software to validate their model and showed that the greater the accuracy of the parameters, the greater the model prediction. Those authors have introduced the energy issue in the assignment and scheduling problem. Song et al. [7] introduced energy optimization in course timetabling for university buildings. The minimization of energy use was included in the objective function of the genetic algorithm, to optimize the timetable problem. Sethanan et al. [8] investigated energy use so as to improve a lecture room-scheduling algorithm. They used a tabu search algorithm to solve the problem.
The present paper proposes a model to estimate the energy performance of the lecture rooms, during the day and for different seasons. Successively, the model is used to analyze the energy consumption of the current timetable at the University of Brescia. Finally, the indices have been used to create a new timetable, that minimizes energy use. This work differs from the previous ones for two reasons. The first is that a benchmark has been created to rank the lecture rooms available from the most to the less efficient one. Secondly, an assignment algorithm, based on the potential energy benchmark, has been used to create the timetable, i.e. no optimization algorithm has been used.
POTENTIAL ENERGY BENCHMARK
The Potential Energy Benchmark shows the potential energy required by a lecture room for one hour of use. The PEB comprises two types of energy consumption: thermal energy (TE) and electrical energy (EE). The thermal energy is both the energy used for heating the lecture room during the winter (TRw) and the cooling energy for refrigerating the lecture room in summer (TRc). In autumn and springtime, the thermal system is off and only the air ventilation unit is on: thermal contribution is zero during those seasons. At this time, the electrical energy used by the HVAC system is not considered. The lighting of the lecture room is the only contribution involved for the electrical energy. The energy used in the laboratories or for specific devices is not considered in this paper, due to the difficulties to collect the energy consumption profile of the lab devices, which are also used irregularly. A further development will encompass the workrooms and HVAC consumption.
Some properties influence the Potential Energy Benchmark of a lecture room, such as the building structure (which allows to define the thermal transmittance of walls and windows) and the percentage of transparent surfaces (which allows the evaluation of the solar intake, affecting both thermal and electrical energy Requirements). Other influencing factors are the season (s), which concerns the on-off operations of cooling or heating systems, the orientation of the building (c), with respect to cardinal point, which allows to describe the solar irradiance. The irradiance changes during the day, thus the solar intake changes, too. The energy requirement of the lecture room changes, therefore, during the day. For this reason, the day has been split into three timeslots (t). The first Thus, the Potential Energy Benchmark has been calculated for each lecture room (i), for the three timeslots (t) and for each season (s).
The PEB can be expressed as the Eq. (1):
The following sections well explain the contribution of the two terms.
Electrical requirement
The power (P) and the number of lamps (L) are the terms used to calculate the electrical energy requirement of a lecture room (ER). However, the operating hours of the lighting devices do not correspond to the teaching hours. According to the features of the lecture room, the solar intake influences the use of lamps. During the winter, the hypothesis is that the lamps will be all switched on in the early morning and evening, while a percentage of them will be on in the middle of the day, thanks to solar intake. On the other hand, during the summer a minimal percentage of lamps will be on during the day, e.g. in the lecture rooms oriented to the north. The percentage of power on (y) depends on the cardinal orientation (c), on the season (s) and on the day timeslot (t). The Electrical Requirement (ER) of a lecture room i, in the timeslot t and for the season s, can be formulated as follows:
Thermal requirement
The thermal requirement is different during the winter and during the summer. The thermal requirement is zero during the mid-seasons, as explained previously. According to K. Song et al., it is difficult to simulate the thermodynamics of a building by a simulation model. The model would require too many external and internal information and it would reveal as time-expensive. Therefore, the thermal requirement is designed on the basis of the Decree n. 6480 [9] , even if the original model has been simplified. The PEB expresses the energy potentially required in one operating hour. Thus, some variables are adjusted to take back the thermal requirement at only one-hour of lecture room utilization.
Solar intake influences the thermal energy requirement, and not only the electrical energy. During winter, the lecture rooms will require more energy in the morning and evening, while the solar intake will support the heating system in the middle of the day. Vice versa, during summer. A coefficient has been introduced to take into account the percentage of utilization of the heating system (x). The coefficient is indirectly balanced to the solar intake in winter, and directly proportioned in summer.
(1) Winter
For the winter season, the thermal energy requirement (TRw) is expressed as follows:
The heating requirement Qh is expressed as:
The heating requirement is composed by two main terms. The first one is the heating required by the lecture room for transmission (0.024*DD*Ht) and for ventilation (0.024*DD*Hv), according to the building structure. The second one considers the contribution of the free intake of sun (Qs) and the free intake from the utilization of the lecture room itself (Qint). Then, the last two terms are multiplied by the utilization factor of heat losses (fx).
The formulation of each term of the Eq. (4) are shown hereafter. Inside the lecture rooms, the temperature is set to 20°C. Day degrees are calculated as the sum of the differences between the set point and the outside temperature (Te), for all of the periods considered, as in Eq. (5).
The coefficient of heat exchange for transmission is found by multiplying the dimension of surface Sj, by the transmittance U of the surface j. The resulting value had to be adjusted by an additional parameter, B, that considers the heat exchange between the heated room and the next not-heated room, as in Eq. (6).
The coefficient of heat exchange for ventilation is found by multiplying the thermal capacity volume of the air (ρa*ca) by the total daily flow rate of air due to natural ventilation, Va,k, as in Eq. (7).
The free solar and inside intakes must be subtracted by the heating requirement for transmission and ventilation. Eq. (8) and Eq. (9) allow the calculation of the free intake of sun (Qs) and the free intake inside the lecture room (Qint).
(2) Summer During the summer, the cooling system is on and the heating system is switched off. The formula allows to calculate the cooling requirement and it is quite similar to the formula for the heating requirement, i.e. Eq. (10): terms are the same. The difference is that energy requirements (Qt + Qv) have to be subtracted by the free solar and inside intake (Qs + Qint), Eq. (11). The free intakes warm up the lecture room and the energy request are necessary to reduce inside temperature. In summer, temperature set point is 25°C.
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The amount of energy required is calculated as the sum of the cooling requirement for transmission, Eq. (12) and for ventilation, Eq. (15).
The energy exchanged between the climate-controlled area and the surrounding is the sum of the energy request for transmission (Ht*θ*t) and the energy transferred by surface radiation (Qt,s). The energy transferred by surface radiation is partly calculated in the term Ht, while Qt,s is considered null in this paper. This simplified solution is due to the intended preliminary design of the present contribution.
In Eq. (12), the term θ indicates the difference between the set point temperature of the thermal zone (θi), and the average outdoor temperature, calculated as the monthly mean (θe), Eq.
.
The month length t is calculated as in Eq. (14). The PEB is a daily value, thus the monthly heating requirement is recalculated on a daily basis.
The following Eq. (15) shows the amount of energy, dissipated by ventilation, between the climate-controlled area and the surrounding environment:
(3) Electrical and thermal coefficients The coefficients adjust the energy requirements as a function of the percentage of use of the electrical and thermal systems. The solar intake and irradiance have an impact on the percentage of use. The solar intake and irradiance change during the timeslot and the season. Thus, the percentage of use changes according to season, timeslot and type of energy (electrical of thermal). The authors have estimated the coefficients value. Table 1 summarizes the electrical coefficients used for the calculation of the electrical energy requirement in winter. Lecture rooms oriented to the North will require more electrical energy during the day, with respect to the lecture rooms exposed to the other cardinal points. The entire lighting system will be switched on in the evening for all of the lecture rooms. The lower the solar intake, the higher the electrical and heating system load. The higher the solar intake, the lower the electrical and heating system load. During the winter season, the same trend may be observed for the thermal coefficients. The North exposure is characterized by a high requirement of the thermal system, as well as the evening timeslot, Table 2 . The lighting system will be used less during summer. The solar intake will reduce the use of lamps, too. The percentage of use in summer is shown in Table 3 . In summer, thermal coefficients are directly proportioned to the solar intake. The higher the solar intake, the higher the utilization of the cooling system, while the lower the solar intake, the lower the utilization of the cooling system, as in Table 4 . Table 5 summarizes the Potential Energy Benchmark calculated for each lecture room, for each month and timeslot. 
CURRENT ENERGY USE
The software Easy Accademy, by Zucchetti, is currently used to assess the timetabling at the University of Brescia. The comparison has been performed for the second semester of 2018, at the Engineering facilities. The second semester of 2018 began the second week of February and finished at the end of June. Thus, the second semester included three seasons. The lecture rooms used only electrical energy during spring. The Engineering facilities are located in three buildings, which have been built in different periods and, consequently, the structures are different. Table 6 sums up the main data. The semester energy consumption (ECs) has been calculated adding, for each lecture, the product between the PEB and the lecture working hours (hl,i) planned for the assigned lecture room i. As shown in Table 7 , the consumption valued for February is lower than March for two reasons. The first is that March had four working weeks, instead of the three working weeks of February. The second is that the day degrees of February were lower than in March. The valued consumption decreases in May because the thermal energy system was switched off during spring (only the electrical energy system was switched on). In May, day degrees decrease and the PEB is lower than in April, thus energy consumption is lower in May. In June, the cooling system is switched on and the energy consumption increases once again.
NEW TIMETABLE PROPOSAL
Two timetable proposals will be presented. The second semester has been divided into two different timetables to better optimize energy consumption. The first timetable is for February, March and April, whereas the second is for May and June. The PEB changes during the seasons, thus a lecture room could be energy efficient in winter but it could be not so efficient in summer. The lecture room energy ranking changes between winter and summer and, consequently, the proposal is in favour of a shift at the half of the semester.
The new timetable proposal has been built using an assignment algorithm, Figure 1 . The algorithm verifies the student enrolment to a lecture and it considers just the lecture rooms that meet the capacity required. Then, the algorithm assigns the lecture room, the timeslot and the day with the lower PEB to the lecture. Three lessons of two hours during the week have been assigned to each lecture. Then, the algorithm verifies that no overlap occurs among the lecture rooms, and timeslots, and professors. The professors could have more than one course, in the same semester. If an overlap takes place, the algorithm modifies the timetable. Firstly, the algorithm checks if the lecture room is available in the same timeslot in another day. If the lecture room is available, the algorithm assigns the new day. The reason is that the first assignment is based on the lower PEB possible, and any shift implies a worsening of the energy consumption. If the lecture room is not available, the day, lecture room and timeslot will be changed.
The hard constraints have been met. Indeed, no overlaps are permitted. The soft constraints have been relaxed, e.g. the lesson length is not a professor's choice, lunch break is not always available for students, professors cannot express a preference about timeslot, day or lecture room. Table 8 shows the results of the timetable proposal. The saving of energy consumption is about 20 %. Thermal energy savings are about 40,000 kWht, while electrical energy savings are close to 4,000 kWhe. Monetary savings are about 10,000 €, for one semester, for the Engineering facilities. The CO2 not released in atmosphere is estimated in 22 tons of equivalent CO2. 
CONCLUSIONS
University buildings must be managed in an optimal way to optimize energy consumption and environmental footprint. The energy featuring of a lecture room is of primary importance for reducing energy use. The timetabling problem, in the authors' opinion, should encompass the constraints concerning the energy consumption of lecture rooms. This paper proposes to rank the lecture rooms according to the Potential Energy Benchmark. The PEB is an index of the energy use and quality of the lecture room. The PEB allows to classify lecture rooms and to assess the priority of assignment to the lecture room which is more energy efficient. Using the PEB, a timetable proposal has been presented. The new timetable allows a reduction of the energy used for teaching activities close to 20%.
The PEB value is not easy to be calculated and it can increase the time to perform the timetable. However, the PEB is calculated once and then it remains the same until buildings will be renovated. The proposed PEB is an earliest analysis and it needs to be studied in deep and from different points of view. The assessment of the PEB will be reviewed using thermodynamics simulation software (e.g. EnergyPlus). The workrooms and the HVAC system will be included in the assessment of electrical energy use. Those analyses will allow to answer questions such as: does a precise index increase the accuracy of the energy timetable problem? The timetabling problem will be solved using different algorithms, i.e. genetic algorithms or tabu search. This analysis will allow to reply to another question: can a different algorithm optimize the problem and still reduce energy use? In the authors' opinion, it would be interesting to overlap the energy demand profiles with the occupancy patterns of lecture rooms and university buildings. The matching would allow to identify additional energy wastes and rescheduling lecture rooms to reduce or avoid them. The non-operating time between lessons has to be further investigated to optimize the scheduling of lecture rooms and to reduce the related energy use.
The topics above are significant, but the results, obtained in the present preliminary contribution, suggest opportunity for improvement.
